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PreviewsRIG-I activation, revealed by Cho et al., in
these pathologies. Such studies will un-
doubtedly shed new light on the role of
the ER as a stress sensor that regulates
health, inflammation, and susceptibility
to infections.
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The mechanisms through which commensal bacterial populations cause inflammatory disease when shifted
to dysbiotic community structures are poorly understood. Jiao et al. (2013) demonstrate that, in the case
of inflammatory disease in the mouth, stimulation of the intracellular pattern recognition receptor Nod1 is
a critical determinant.Periodontal disease is one of the most
prevalent chronic inflammatory diseases
of humans and is characterized clinically
by the irreversible destruction of the
bony apparatus that secures the teeth in
the mouth. A hallmark of the disease is a
dysbiotic periodontal microbiota, which
has been extensively investigated by
cultural analysis over the last 50 years
and more recently by next-generation
sequence analysis of the complement of
16S ribosomal RNA genes in healthy
compared to diseased-associated micro-
biota (Wade, 2011). The rearrangement of
the normally benign commensal microbial
populations on the surface of the teeth
provides a sustained antigenic challenge
to the adjacent soft tissues, which, in
susceptible individuals, leads to a deregu-
lated inflammatory response and ulti-
mately resorption of the underlying hard
tissue. The precise mechanisms through
which the dysbiotic periodontal micro-
biota induces deregulated inflammation
are unknown. However, the end result,characterized by large elevations in
neutrophil trans-migration into the tissues
and the differentiation and activation
of bone-resorbing osteoclasts through
RANK ligand expression by CD4+
T cells, has been well established in both
human and animal model systems (Dar-
veau, 2010).
Twomousemodels of periodontal bone
loss have been customarily employed to
interrogate the pathogenesis of the dis-
ease. In the first, a bacterium frequently
associated with disease in humans, for
example Porphyromonas gingivalis, is
inoculated into the mouth of experimental
mice, leading to the induction of bone loss
some 6 weeks postcolonization. Hajish-
engallis et al. (2011) demonstrated that
bone loss in this model was dependent
upon the presence of a commensal mi-
crobiota: Colonization of germ-free ani-
mals with P. gingivalis results in no tissue
damage. Furthermore, analysis of the mi-
crobiota of conventionally reared mice
challenged with P. gingivalis demon-strated that introduction of this organism
caused a significant increase in the total
oral microbial load and dysbiosis of the
overall microbial community structure.
These data indicated that the presence
of P. gingivalis, even at a low abundance,
manipulates the commensal microbiota
into a dysbiotic community that leads to
the development of disease.
In the second model of disease, a silk
ligature is placed around selected molar
teeth in order to provide a site for
increased microbial accumulation and
tissue irritation. Just 10 days following
ligature placement, periodontal bone
loss is observed, indicative of an acute
response to this intervention. In the
current issue, Jiao et al. (2013) have
employed this model system in knockout
mice to determine which elements of
the pattern recognition receptor system
of the host are required to elicit this
destructive response. They demonstrate
that Nod1 (nucleotide-binding oligomeri-
zation domain-containing protein 1), a13, May 15, 2013 ª2013 Elsevier Inc. 503
Figure 1. Pathway for the Induction of Periodontal Loss by Commensal Bacteria through the
Pattern Recognition Receptor Nod1
Tissue irritation, caused in this instance by the placement of a ligature, leads to disruption of the normal
commensal microbiota on the tooth surface and the accumulation of a bacterium (NI1060) producing
elevated levels of ligands for Nod1 derived from peptidoglycan. Activation of Nod1 leads to the production
of signals for both neutrophil recruitment (CXCL1) and osteoclast activation (RANKL), resulting in the
development of an inflammatory response and periodontal bone loss.
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cules derived from bacterial peptido-
glycan, is essential for bone loss in the
ligature model. In itself, this is not an
entirely unexpected finding: Others have
shown that components of the pattern
recognition system of the host, for
example TLR2, are required for the induc-
tion of bone loss in amousemodel of peri-
odontal disease (Burns et al., 2006). The
very significant advance made by Jiao
et al. (2013) is that they link this observa-
tion to the identification of a specific bac-
terium (termed NI1060) from the mouse
oral commensal microbiota that accumu-
lates at the site of ligature placement and
is a significant activator of Nod1 when
examined using in vitro systems. Further-
more, and in contrast to the commensal
microbiota-dependent disease induced
by P. gingivalis, monocolonization of
germ-free animals with NI1060 is suffi-
cient to promote periodontal bone
destruction in a Nod1-dependent
manner. Notwithstanding the fact that
this is an acute model of a disease that
is typically chronic in humans, these find-504 Cell Host & Microbe 13, May 15, 2013 ª2ings are significant as they provide a
mechanistic example of how a single bac-
terial component of a normal commensal
microbiota is able to cause destructive
disease through activation of a pattern
recognition receptor and an accompa-
nying inflammatory cascade (Figure 1).
In this instance, the trigger for the dysbio-
sis and accumulation of the damaging or-
ganism is the placement of a ligature: It
would be informative to determine which
more physiologically relevant environ-
mental changes are also able to achieve
this effect.
An unexpected finding from the study
by Jiao et al. (2013) came from the full
genomic sequencing of the Nod1-stimu-
lating bacterium NI1060, which revealed
an 2.5 Mb genome encoding 2.5 3
103 genes. Over 60% of the coding se-
quences are shared with Aggregatibacter
actinomycetemcomitans (Aa), a human
periodontal bacterium that is positively
associated with a highly specific and
aggressive form of the disease, particu-
larly in adolescents. Population structure
analysis of Aa reveals a high level of ge-013 Elsevier Inc.netic diversity, but one particular clone
(JP2) appears to be the most strongly
associated with the development of dis-
ease. It is thought that JP2 originally
emerged as a distinct lineage in North
Africa over 2,000 years ago and has
spread worldwide since then, most
notably to the American continent through
the slave trade in the 16th–18th century. In
spite of this global dissemination, JP2
remains almost exclusively associated
with individuals of West African descent,
suggesting a strong host tropism effect.
Importantly, while the prevalence of peri-
odontal disease is normally very low in
adolescents, in those individuals of West
African descent it can be as high as
15%, and the presence of the JP2 clone
in this population is a very significant risk
factor for the disease (Haubek et al.,
2008). A number of virulence determi-
nants of Aa have been described, but in
the context of the work of Jiao et al.
(2013) and the cytoplasmic location of
Nod1, the ability of Aa to invade and
multiply within epithelial cells acquires
greater significance. The identification of
a mouse counterpart of Aa, which exerts
a pathogenic effect through stimulation
of a Nod1-dependent pathway, provides
a highly relevant model system to further
explore this intriguing host-bacterium
interplay.
One final observation on the data pre-
sented by Jiao et al. (2013), although not
commented upon by the authors, is the
impact their findings may have on the
‘‘chicken and egg’’ argument about dys-
biotic periodontal microbiota and peri-
odontal disease. Although it is clear from
investigations in humans that periodontal
disease is associated with a microbiota
that is significantly altered from that pre-
sent in health, it has not been possible to
establish whether the dysbiosis is a cause
or a consequence of the disease process.
In particular, it is suggested that high
levels of neutrophil granular enzyme
release, bleeding of themicrovasculature,
and other environmental changes associ-
ated with a deregulated inflammatory
response provide the conditions to pro-
mote changes to the microbial popula-
tions adjacent to the periodontium rather
than the dysbiotic microbiota being
responsible for this disruption to tissue
homeostasis. The microbiological ana-
lyses presented by Jiao et al. (2013)
demonstrate the accumulation of similar
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Previewsdysbiotic microbiota with high levels of
NI1060 at the site of ligature placement
in both wild-type and Nod1/ mice irre-
spective of the fact that the inflammatory
indices in the wild-type animals are signif-
icantly elevated compared to their unre-
sponsive Nod1/ counterparts. For the
chicken protagonists who argue that dys-
biosis is simply a consequence of dis-
ease, the egg men (and women) now
have some data to argue otherwise.REFERENCES
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The metazoan gut harbors microbial communities on its mucosal surfaces, yet the mechanisms by which
gut immunity tolerates symbiotic and commensal bacteria while eliminating pathogens is insufficiently
understood. In a recent Cell paper, Lee et al. (2013) show that bacterial uracil, not secreted by commensal
bacteria, triggers dual oxidase-dependent immunity.It has long been known that humans
carry ten times as many microbial cells
as their own cells, mostly in the gut
(Erkosar et al., 2013). Studying the gut
microbial community or its effects on
our health can be arduous due to the
complexity of the system. This can be
overcome through the use of experi-
mental model organisms such as
Drosophila melanogaster, which has
simpler microbial communities (Erkosar
et al., 2013) and comes with many sophis-
ticated methods for genetic manipulation
of the host. Recently, for several reasons,
Drosophila has emerged as an advanta-
geous model for studying host-microbe
interactions in the gut. First, only four to
eight microbial species are normally
found in a given fly population. Second,
these bacteria are aerobes or at least
aerotolerant and are therefore easy to
grow and study in the laboratory. Finally,
most Drosophila gut bacteria are also
commensal bacteria in mammals,
including humans (Erkosar et al., 2013).In the Drosophila gut, two parallel
immune systems control host-microbe
homeostasis: namely, the Imd pathway
and the dual oxidase (DUOX) pathway(s)
(Ha et al., 2005). Upon binding of bacterial
peptidoglycan (Leulier et al., 2003) to the
Imd pathway receptor Peptidoglycan
recognition protein LC (PGRP-LC) (Choe
et al., 2002, Gottar et al., 2002, Ra¨met
et al., 2002), the pathway is activated,
leading to nuclear translocation of the
NF-kB protein Relish. Although Relish is
activated and nuclear, antimicrobial pep-
tide expression is actively repressed in
the (healthy) gut by several Imd pathway
negative regulator molecules, such as
Caudal and Pirk (Ryu et al., 2008, Kleino
et al., 2008). This repression is needed to
protect the beneficial commensal bacte-
rial community. In contrast, the molecular
mechanism of which microbial compo-
nents activate the DUOX-regulatory path-
way(s) had not been previously known.
In a recent Cell paper, Lee et al. (2013)
show that opportunistic pathogens, butnot beneficial commensal bacteria, acti-
vate DUOX-dependent gut immunity in
Drosophila via a mechanism independent
of peptidoglycan recognition. Pathogenic
and commensal bacteria were shown to
secrete similar amounts of peptidoglycan
(and therefore induce the Imd pathway),
but only pathogens activate the DUOX-
dependent pathway, leading to induction
of reactive oxygen species (ROS) produc-
tion. The authors set to identify the bacte-
rial ligand responsible for inducing ROS
production. First, they compared the abil-
ity of live, lyzed, and formalin-fixed oppor-
tunistic pathogen Erwinia carotovora
to induce intestinal ROS production.
Formalin-fixed dead E. carotovora failed
to initiate ROS production, suggesting
that the ligand for the DUOX pathway is
a molecule that is secreted from the
bacteria. Accordingly, culture superna-
tant of E. carotovora (but not of symbiotic
gut bacteria Commensalibacter intestini)
enhanced ROS generation in a DUOX-
dependent manner. To identify the13, May 15, 2013 ª2013 Elsevier Inc. 505
